Introduction
The high pressure neurological syndrome (HPNS) affects depth divers exposed to pressures beyond 1.0 MPa (Rostain et al. 1983 ). Confusion, drowsiness, dizziness and impairment of cognitive skills are frequent expressions of this disorder (For a review see Jain 1994 ). Disturbances of memory and intellectual operation (Logue et al. 1986 ; depression in the performance of these synapses under high pressure conditions.
Single inputs of the MPP synapse (Talpalar and Grossman 2003) as well as the
Shaffer collateral synapse at the CA1 area of the hippocampus (Fagni et al. 1987a ), were severely depressed under high pressure. This depression of single synaptic events was associated with increased paired-pulse facilitation (Talpalar and Grossman 2003) . Previous studies in invertebrate synapses showed increased facilitation (Campenot 1975; Golan and Grossman 1992) as well as enhanced tetanic and posttetanic potentiation (Grossman and Kendig 1988; . In contrast, although high pressure increased facilitation in the MPP synapses, stimulation at frequencies Hz) resulted respectively in conserved or even increased frequency-dependent- attained by compressed helium, a gas that is chemically inert at these pressures (0.1-
MPa)
. Some of the controls were taken at 0.2-0.4 MPa since these small pressures were more stable than at 0. Decompression below 0.4 MPa was only successful in ~50 % of the experiments (in which this final step of decompression was performed extremely slowly).
Electrophysiological Recordings
Extracellular field potentials were recorded at the somatic (Fig. 1C) and at the inner dendritic areas (Fig. 1B) of the DG using glass micropipettes (1.5-3 MΩ) filled with Ringer's solution (Fig. 1A) . Tungsten bipolar stimulating electrodes were placed either at the subiculum or the inner dendritic area of the DG for stimulating the MPP (Fig. 1A) . Output/input curves were plotted using standardized stimulus-intensities (usually 4-5 steps, if not otherwise expressed) between the threshold intensity and the saturation level. The latter involved a set of experiments in which population spike (PS)
amplitude was plotted as a function of field EPSP (fEPSP) of different amplitudes (6-10 intensities of stimulus) under control and experimental pressures.
Similar electrodes were placed at the hilus of the DG for stimulation of the mossy fibers in order to evoke antidromic action potentials (AAPs) in axons and somata of the granular cells ( Fig 1A) . When recording at the GCs' layer of the DG, this AAP response was characterized by a negative deflection (Fig. 1D) close to the soma, while progressively larger positive deflections were obtained at the dendrites further away from the soma.
Data analysis
Synaptic recordings of MPP fEPSPs at the inner dendritic region of the DG, its parameters, and their interpretation, were described elsewhere (Talpalar and Grossman 2003). In brief, fEPSP's amplitude, indicating inward synaptic currents, and fEPSP's slope expressing the rate of activation of synaptic receptors, were used in these experiments for assessing synaptic activity. fEPSP's slopes were commonly used since they are more reliable than fEPSP's amplitude as a parameter for evaluating synaptic activation (Fagni et al. 1987a; Talpalar and Grossman 2003) . GC excitability at high pressure was assessed in two ways; by generation of PS in response to MPP fEPSPs and by the induction of AAPs. The first describes the integrative capacity of the GC in response to synaptic activation; the second roughly delineates the general ability of GC to elicit spikes. Two different protocols were used for studying excitability at frequencies: Paired pulse stimulation and multiple stimuli. Pairs of stimuli, with 10-100 ms inter-stimulus-interval (ISI), were delivered every 20 sec.
Slope of both fEPSPs in the pair, E 1 and E 2 , and the PS generated were compared.
Results were plotted at the normalized form E 2 /E 1 and PS 2 /PS 1 for each ISI. Pairedpulse-depression (PPD) and paired-pulse-facilitation (PPF) were used for describing respectively relative decrease or increase of E 2 with respect to E 1 . The expression paired-pulse-modulation (PPM; negative or positive) was used as a generic term. As a first approximation, we compared PS generation by fEPSPs whose slopes at high pressure were matched to control fEPSP's slope by increasing the stimulus intensity or duration. PS amplitude at pressure was significantly greater than that generated by equal fEPSPs at 0.1 MPa (Fig. 2A) . Despite the pressure depression of the MPP fEPSPs (as above) the PSs generated under these stimulus and pressure conditions were not significantly different from controls (see Table 1 ).
The amplitudes of PSs induced at high pressure were not statistically different from 0.1 MPa (except supramaximal fEPSP at 10.1 MPa that tended to be smaller).
Nevertheless, PS's amplitudes at 10.1 MPa were significantly smaller than at 5.1
MPa. Table 1 shows that this tendency was clearer for PS generated by submaximal 'constant' due to some 'compensation' mechanism. In order to characterize this process more precisely, we stimulated the MPP with 10 different stimulus intensities ( Fig. 3A) and normalized the synaptic transfer function by plotting PS amplitudes as a function of the fEPSPs' slopes ( Fig 3B) . This input/output plot shifted to the left at pressure, indicating hyperexcitability of the GCs. Namely, similar PSs could be elicited with smaller fEPSP under pressure conditions.
High Pressure Does not Change GCs Antidromic Action Potentials
As suggested above, the increase in the PS excitability may arise form changes in the action potential firing capability of the GCs. Therefore we examined the effects of pressure on antidromically-evoked action potentials in these cells ( of the AAP's initial slope may be interpreted as a slowing down of the kinetics of activation of the Na-current responsible for the rising phase of the action potential, while the maintained or slightly increased decay rate suggest a small effect on the inactivation of Na-currents and/or on the kinetics of K-currents responsible for the decay of action potentials (Kendig 1984) . The small depression of AAP amplitude, and specially the lack of effect on AAP's integral suggest that the effect of pressure on the amplitude of the action potential or on the total number of recruited fibers was minimal, and if at all, it was depressive.
These results, taken together with the depression of fEPSPs inputs, strongly indicate that the enhancement of PS firing by MPP fEPSPs at pressure stems from some boosting mechanism of the inputs generated at the dendritic region of these cells.
The initial slope of a single fEPSP is the cleanest parameter for evaluating the synaptic input at the dendrites, while fEPSP's amplitude may also reflect the currents developed by recruitment of a voltage-dependent component. We compared these parameters for estimating the effects of pressure on a voltage-dependent boosting of the fEPSP. Plotting fEPSP's amplitude as a function of fEPSP's initial slope resulted in a steeper slope of the fEPSP's amplitude/slope relationship at high pressure (n= 17). This suggests that synaptic inputs were either more efficiently conducted through the dendrites, or maybe even slightly amplified under such condition (Fig. 4C) .
Increased GC Excitability Maintains PS Firing during MPP Paired-Stimulation at High Pressure
Paired-pulse stimulation to the MPP resulted in a couple of fEPSPs in the GCs (E 1 and E 2 ), the second one eliciting a PS with greater amplitude. We termed this behavior paired-pulse-transfer (PPT 5C ).
Increasing the stimulus intensity of E 1 at 5.1 and 10.1 MPa to match the amplitude of control E 1 , produced a PS 1 that was larger than controls (similar to that described for single stimulus), while the PS 2 brought about during paired-pulse stimulation, for example at 20 ms ISI, was larger than that generated at 0.1 MPa (Fig. 5D ).
High Pressure Increases DG Excitability during Stimulation at Frequency
As we have recently shown (Talpalar and Grossman PSs induced by the following E n decayed as a function of time and frequency (Fig. 6 ).
We termed this phenomenon frequency-dependent-attenuation (FDA) of the PS.
PS generation during trains at 25 Hz (Fig. 6A ) was conserved. Although pressure depressed the fEPSPs (Fig. 6B) , they still generated similar or just more intense PSs firing at this frequency ( Fig. 6C; n= 9 ). Maintenance of PS n 's amplitudes at high pressure was supported by increased excitability for all E n in the train (Fig. 6D) , which resulted in some tendency to hyperexcitability at E 3 (Fig. 6C ). This indicates that DG information transfer was roughly conserved below 25 Hz, in spite of depressed MPP inputs. In order to assess if this mechanism was reliable at a higher frequency range, we studied this same system at 50 Hz. Figure 7 shows that high pressure severely depressed E n inputs (fEPSPs) at 50 Hz (Fig. 7B) . These inputs are able to initially maintain PS output but then the system "loses control" allowing additional PS firing at later E n in the train ( (n=11, p<0.02 and p<0.08 respectively). This was supported by progressively increasing excitability during the train (Fig. 7D ), which seemly began to self-restrict at the end of the train under 10.1 MPa.
In contrast with increased excitability in response to synaptic stimulation, AAPs elicited by antidromic stimulation of the mossy fibers with trains at 25-50 Hz did not show relevant patterns of frequency modulation at both control and high-pressure conditions (Fig. 8A, B) .
PPT during the first two responses at frequency is probably dependent on NMDA (Fig. 9A, B) . Moreover, in presence of high dose of BMI (10 µM) high pressure did not further increase GC excitability during trains at 50 Hz but rather decreased it (n= 2; Fig. 9C ). This suggests that hyperexcitability at high pressure partially involves synaptic depression of inhibitory pathways.
Pressure
Effects of Pressure on Synaptic Activity
Pressure effects of synaptic inputs per se confirmed our recent report (Talpalar and DG requires recruitment of at least two synaptic inputs, it is likely that inhibition will be more susceptible to high pressure effects than excitatory inputs. Therefore, we cannot exclude some contribution of reduced feedforward inhibition to pressure-induced hyperexcitability.
Frequency Response
Despite that pressure depressed paired fEPSPs, the PSs induced by them were similar to control indicating increased excitability of the GCs. Likewise, conserved spike generation was observed during stimulation with trains at 25 Hz. Trains of fEPSPs at higher frequency (50 Hz), however, showed roughly preserved PS 1-2 , but enhanced PS 3-4 ,
indicating hyperexcitability and disruption of the low-pass filter properties of the DG.
This means that though this system copes quite well with the effects of high pressure at single stimulus and low frequency responses, fails to do so at high frequencies.
The regular mechanism for limitation of action potential generation by GC involves activation of recurrent inhibition by hilar interneurons (Gulyas et al. 1993 ). This 
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; Roberts et al. 1996) . Furthermore, the fact that high pressure did not enhance PS generation at high frequency when fast inhibition was previously blocked, suggests that enhanced excitability is, at least partially, due to GABA A inhibition failure. This effect may result from proportional reduction of synaptic inputs (mostly involving activation of more than 2 synapses) necessary for the inhibitory function.
Pressure Induced Hyperexcitability Compensates for Synaptic Depression 19
Frequency dependence may be explained by slowed kinetics and conduction at high pressure leading to delayed inhibitory influences.
Increased excitability: an adaptive mechanism?
Changes induced by pressure in the PS/fEPSP relation at the low frequency range seem to be an adaptive stabilizing mechanism. High-pressure progressively depresses synaptic inputs while it increases excitability of the circuit. This is unlikely to induce the large hyperexcitability described in HPNS. The reliability of this mechanism may be challenged by extremes of intensity and frequency of neuronal activity. Transfer of regular activity from the cortex to the DG may be impaired if too depressed synaptic inputs cannot reach action potential threshold. However, highly synchronized activity and high frequency may easily spread through the DG to the CA3-CA1. Thus, at some 
